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Description 
TECHNICAL FIELD 

5 The present invention relates to a method and apparatus for vitrifying wastes. More particularly, the pres- 

ent invention relates to a glass melting furnace having an impeller to mix and foam verifiable materials and 
waste materials which are fed to the melter, melted and recovered to form a solid vitrified mass.' 

BACKGROUND ART 

10 

Disposal of hazardous waste is a pressing environmental problem. Hazardous waste such as radioactive 
materials from nuclear reactors have long term radioactivity which makes conventional methods of solid waste 
disposal inappropriate. There is significant danger of such materials leaching from a solid waste disposal fa- 
cility and entering the water supply. 
15 Vitrification of hazardous solid wastes has been proposed and implemented on a relatively small scale. 

Problems associated with vitrification processes developed previously include low throughput resulting in a 
high disposal cost perunitof hazardous waste material. As used herein, radioactive wastes, hazardous wastes 
and toxic chemical waste shall be referred to as "hazardous waste". 

The United States Department of Energy, working in conjunction with six other countries in a cooperative 
20 technical exchange, has developed a method of vitrifying radioactive waste material in boro-silicate glass. The 
U.S. Department of Energy project resulted in the development of an electric glass furnace. The glsyss furnace 
developed was electrically powered and operated on an aqueous waste stream having 40 percent solids con- 
tent The solids in the waste stream were approximately 60 percent boro-silicate glass frit and 40 percent ra- 
ti ioactive waste sludge. A primary problem with the resultant static glass furnace was that its output was limited 
25 to a rate of about 1 ,800 kg (4 pounds) of vitrified waste per hour per 0,09 m* (square foot) of furnace surface 
area. ■ .. '/ ^ • , \ • - \ ' "I " ; 

Boro-silicate glass was selected for its chemical durability and low melting point. The special boro-silicate 
glass combines with the waste material to form a vitrified output that will be referred to herein as "waste glass". 
The furnace included the use of Inconel 690 as electrodes and other parts of the furnace. (Inconel is a 
30 trademark of International Nickel Corporation). -' , ; 

In addition to the low throughput of the electric furnace, the cost of meters developed in the cooperative 
project was considerable. In addition, start-up and shut-down procedures require considerable time. 

Prior art is further illustrated by US.A=4 627 069 and by the article of C.G Sombret "Melters and furnace 
equipment and for radioactive waste conditioning published in the Proceedings of 1987 International Waste 
35 Management Conference held in Hong Kong from 29.11 to 05.12 1987 - pages 259-263 edited by L.C. Oyen 
et al and published by the American.Society of Mechanical Engineers New York. , 

Soda lime glass melters having a mixing element and electrical heating have been developed for the pur- 
pose of improving productivity of soda lime glass manufacturing processes.* An example of such a melter is 
disclosed in U.S. Patent No. 3,850,606 to Rough and U.S. Patent No. 3,819,350 to Pellett, et al and in the article 
40 of R.S Richards "Rapid Melting and Refining System 11 published in the US review "Ceramic Bulletin" Vol 67 
N°11, 1988, pages 1806-1809. 

Such melters were tried by Owens-Illinois but were abandoned due to the inability of the melters to produce 
high quality glass having an acceptable level of gaseous occlusions. The intended electrical flow path in the 
melters was between the electrodes extending upwardly from the floor of the melter and the mixing element. 
45 This general arrangement resulted in problems including high electrical charge concentration at the tips of the 
impeller which resulted in excessive wear and consumption of the impeller. Further, high volume waste proc- 
essing is adversely effected by the use of components which must be replaced. 

These and other problems are overcome by the glass vitrification melter of the present invention as sum- 
marized below. 

50 ' ' '* ^ 

DISCLOSURE OF INVENTION 

The present invention relates to a waste vitrification method performed in a vessel having a rotatable im- 
peller. The process comprises the steps of introducing a feed stream into the vessel. The feed stream is then 
55 mixed into a glass melt in the vessel by the impeller to form a foamy mass. The glass melt is electrically heated 
in the vessel by application of electrical energy between the sides of the vessel and the impeller to melt the 
glass batch material and form a molten vitrified output. Finally, the molten, vitrified output is recovered from 
the vessel. 
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The method may also include the step of densif ying the foam material by passing the foam material into 
a quiescent zone where the foam material is separated into a densif ied material and gaseous materials. 

The mixing and heating steps are preferably performed simultaneously in a mixing zone in the vessel. Heat- 
ing is diminished through the densifying step while maintaining the residual heat in the densified material to 
5 keep it in a pourable state until after the recovery step. 

The quiescent zone may be in the same vessel as the mixing zone or, alternatively, the quiescent zone 
may be a separate vessel. If the quiescent zone is a separate vessel, the mixing zone and quiescent zone would 
be in fluid flow communication so that the foam material may pass by fluid flow from the mixing zone to the 
quiescent zone. 

10 According to another aspect of the present invention, an apparatus for waste vitrification is disclosed The 

waste vitrification apparatus vitrifies an aqueous stream having verifiable materials and waste materials to 
be disposed of in a suspension. The waste vitrification apparatus comprises a vessel formed of an electrically 
conductive material in which a mixing impeller is disposed which is also formed of an electrically conductive 
material. A drive shaft extends into the vessel and is connected to the mixing impeller. Means for rotating the 
15 dnve shaft and impeller are provided for dispersing the constituents of the waste stream into the glass melt 
in the vessel. An electrical power circuit supplies sufficient voltage and current between the vessel and the 
impeller sufficient to heat the waste stream until the vitrif iable material melts to a liquid state and forms a sol- 
idif iable output including the waste material and the melted verifiable material. The apparatus includes an 
opening through which the solidif iable output is poured into a container for cooling and solidification. 
20 The vessel preferably has a mixing zone located above a settling zone. As the aqueous stream is fed into 

the apparatus, it is mixed by the impeller and simultaneously heated by the electrical current between the im- 
peller and the walls of the vessel. As the materials are mixed and heated, water in the system is vaporized and 
other constituents release gases resulting in the creation of a foamed mass. As the process proceeds, the foam 
mass moves by gravity into a settling zone located below the mixing zone within the vessel where'a portion 
25 of the gaseous material contained in the foam mass is eliminated leaving a densified solidif iable output 

According to one aspect of the invention, the drive shaft and impeller are positionable at various heights * 
within the vessel. The mixing impeller may then be positionable atvarious heights within the container to control 
the density of the solidif iable output While it is not necessary to completely eliminate gaseous occlusions in 
the solidifiable output, an acceptable density level would be 70 percent and preferably more than 90 percent 
30 of the true density of the waste glass. 

It is an object of the present invention to provide a high throughput hazardous waste vitrifying method and 
apparatus which quickly melts verifiable batch materials. 

Another object of the present invention is to provide a waste vitrification method and apparatus which is 
capable of converting an aqueous, 40 percent solid feed stock, including 60 percent boro-silicate glass batch 
35 and 40 percent wastes and produce a dense vitrified solidifiable output 

It is another object of the present invention to provide a small waste vitrification apparatus which can be 
constructed as a portable or local hazardous waste processing unit 

It is another object of the present invention to provide a waste vitrification apparatus suitable for continuous 
or intermittent use depending on waste processing demands. 
4Q These and other objects of the present invention are achieved by the method and apparatus of the present 

invention as will be more fully understood upon review of the attached drawings in light of the following de- 
scription of the best mode for carrying out the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cross-sectional schematic view of the glass melting apparatus according to the present 
invention; 

FIGURE 2 is a fragmentary perspective view of the glass melter of the present invention; 
FIGURE 3 is a flow chart schematically illustrating the steps of the method of the present invention; 

BEST MODE FOR CARRYING OUT THE INVENTION 



Referring now to FIGURE 1, the waste vitrification apparatus 10 of the present invention is shown receiving 
a feed stream 1 2 preferably comprising an aqueous slurry of glass batch and waste materials. The feed stream 
55 1 2 could also be dry glass batch or melted glass batch and waste materials fed into the apparatus 10. 

The glass batch is preferably boro-silicate batch selected for its low melting point in the range of 950°C to 
1050°C. Other compositions may be used depending upon the thermal and chemical limitations of the vessel. 
As used herein, the term glass batch is intended to encompass both raw materials for making glass and fused 
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and partially fused materials used in making glass known as frit or cutlet The wastes to be disposed of are 
either radioactive wastes, hazardous chemical wastes, or other wastes which require a durable disposal me- 
dium. 

A vessel 14 is provided to receive the feed stream 12 in a glass melt 13. Amixing impeller 16 is disposed 
5 in the vessel 1 4 on a drive shaft 18. The vessel 14 is preferably formed of an electrically conductive, high tem- 
perature nickel alloy such as Inconel 690 (Inconel is a trademark of International Nickel Corporation).. The mix- 
ing impeller and drive shaft 18 are also preferably formed of Inconel 690. Other suitable high temperature, elec- 
trically conductive materials, such as molybdenum, platinum or other high temperature alloys can be used de- 
pending on the materials processed. 

10 A mixing zone 20 is defined in the upper portion of the vessel 14. A settling zone 22 is provided below the 

mixing zone 20 in the vessel 14. Alternatively, a settling zone 22 could be provided in a separate vessel (not 
shown) in fluid communication with the mixing zone 20 of the vessel 14. 

A spout 24 of the "tea pot" type is preferably provided on the vessel 14 for pouring off the output of the 
waste vitrification apparatus 1 0. An opening 26 is formed in the vessel 1 4 at the base of the settling zone 22. 

15 The output is recovered through the opening 26 and passed in a molten state to the spout 24. 

Referring now to FIGURES 1 and 2, the waste vitrification apparatus 10 will be described in greater detail. 
The vessel 14 is surrounded by walls 30. The walls 30 are formed of refractory bricks or other insulation ma- 
terial. An Inconel layer 34 is provided on top of the vessel 14. Layer 34 is also insulated by a refractory lid 38. 
Ashaf t opening 40 is provided through the layer 34 and the refractory lid 38 which receives the drive shaft 

20 1 8. An inlet 42 is provided in the layer 34 and lid 38 through which the aqueous feed stream 1 2 enters the vessel 
14. An outlet 36 is also provided in the vessel 14 or layer 34 and lid 38 for release of gases and vapors from 
the melt 1 3. The gases and vapors released are further treated by appropriate means depending on their com- 
position. An electrically non-conductive bushing 41 lines the hole 40 to prevent the drive shaft 18 from con- 
tacting or short circuiting to the layer 34. 

25 An outlet passage 44 is provided between the opening 26 and spout 24. The outlet passage 44 is preferably 

located within the walls 30 and is maintained at an elevated temperature to keep the solidif iable output of the 
apparatus 1 0 in a molten state during its passage from the opening 26 to the spout 24. 

The mixing impeller 16 preferably has blades 46 which are oriented approximately 45 degrees to set up 
an axial mixing flow within the mixing zone 20. Aflow induced by the mixing impeller 16 is shown by arrows A 

30 in FIGURE I.The axial mixing flow fully disperses the constituents of the aqueous feed stream 12 upon entry 
into the glass meft 13. Other impeller designs can also be used to provided that adequate mixing of the feed 
stream in the glass meslt occurs. ^ 

- The location of the mixing impeller 16 within the vessel 14 is adjustable within a predetermined range. The 
adjustment of the location of the mixing impeller 16 changes the location of the mixing zone 20, and also allows 

35 expansion or contraction of the settling zone 22 to control the degree of densif ication of the solidif iable output 
of the apparatus 10. The drive shaft 18 is mounted on upper and lower insulative shaft mounts 48 and 50. 
Drive shaft 1 8 can be raised or lowered with the shaft mounts 48 and 50. A non-conductive mechanical seal 
51 is preferably provided in the refractory lid on top 38 to seal the drive shaft 18. Arrows D illustrate the dfegree 
of displacement available within the predetermined range of adjustment of the mixing impeller 16 in the iliu- 

40 st rated embodiment. 

A drive motor 52 comprising a conventional electric motor is operativeiy connected to the drive shaft 18 
by a drive belt 54. The drive belt 54 drives a shaft pulley 56 when rotated by a motor pulley 58. 

The drive shaft 18 is preferably rotated at speeds to provide the intensive mixing required by the present . 
invention. The mixing step of the present invention is different from prior art stirrers which at their outer peri- 

45 meter rotate on the order of 1 5,24 m (50 feet) per minute, or less, while the impeller 1 6 of the present invention 
is intended to rotate so that its outer perimeter moves at a speed of more than 76,2 m (250 feet) per minute, 
and more preferably at more than 152,4 m (500 feet) per minute. 

The waste vitrification apparatus 10 electrically heats the glass melt 13 by electrical discharge through 
the melt 13 while in the vessel 1 4. A shaft electrical contact 60, preferably of the brush, or rotatable contact, 

so type is connected to the drive shaft 18. The vessel 14 includes a vessel lead 62. A shaft cable 64 and vessel 
cable 66 are connected to the shaft electrical contact 60 and vessel lead 62, respectively, and are connected 
in an electrical circuit The voltage and current must supply sufficient heat to convert the feed stream into a 
glass melt 

The drive shaft 18 is preferably a hollow shaft having coolant circulation. A cooling inlet 68 through which 
55 coolant water is introduced into a central tube of the drive shaft 18 and a coolant outlet 70 in communication 
with an outer tube portion of the drive shaft 18 is provided for flow of coolant fluid. Coolant fluid enters the 
coolant inlet 68 and exits the coolant outlet 70 after circulation through the drive shaft 18, preferably to a point 
below the layer 34 and above the level of the glass melt 

4 
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As shown in FIGURE 2, auxiliary preheating coil 72 may be provided for preheating the apparatus 10. Aux- 
iliary preheating coils are intended for initial start-up of the apparatus 10. After the process is operational, the 
auxiliary preheating coil 72 will be turned off as sufficient heat is developed. 

Outlet heating coils 74 are provided to guard against anyfreeze-up of the outlet port24. Agas burner could 
also be used for heating the outlet port 24 depending upon the type of waste being processed. Other auxiliary 
heaters, not shown, may be provided as needed to keep the opening 26 or base of the apparatus 10 above 
the melting temperature of the waste glass. 

Referring now to FIGURE 3, the method of the present invention will be explained. The method commences 
with introduction of a feed stream at 80 into the apparatus 10. 

As the feed stream is received in the vessel 14, it is mixed into the glass melt 13 in the mixing zone 20 by 
the impeller 16 as indicated by reference numeral 82. Preferably simultaneously, the glass melt 13 is heated 
at reference numeral 80 to form a molten foam material by the combined action of the electrical discharge be- 
tween the walls of the vessel 14 and the impeller 16 and the rapid rotation of the impeller 16. 

After mixing and heating, the foam material passes to a settling zone where a densifying step 86 is per- 
formed wherein the foam material is separated into a densif led material and in gaseous constituents The den- 
sified material preferably is densif ied to between 70 and 90 percent (or preferably more than 95 percent) of 
theoretical density of the waste glass. The deviation from theoretical density results from bubbles caused by 
the gaseous occlusions contained in the vitrified waste glass. 

The densif ied material is then recovered from the vessel as a solidifiable output at reference numeral 88 
The output is then poured into containers at reference numeral 90. and cooled to form a solidified vitrified mass 
thereby permanently encasing the waste materials to preclude leaching of the waste materials from a storage 
facility. ■ 

The composition of the aqueous feed stream in a test run with non-radioactive materials to simulate ra- 
dioactive wastes was nominally 60 percent water and 40 percent solids by weight The solids content was ap- 
proximately 28 percent particulate sludge, 8 percent dissolved solids and 64 percent boro-silicate rich glass 

The composition in percent by weig ht of a vitrified output sample of the test run is shown below as analyzed 
by two analysis methods: 

Constituent Method A Method B 



CaO 1.5 
CuO o.2 



MgO i.o 

MnO 2.3 

Zno o.l 

A1 2°j 3.7 



1.5 
0.2 
1.0 
2.4 
0.1 

f e 2°3 ' 12.1 . l 2 !o 

Ll 2 ° 3.9 
Na 2 o H.2 
NiO o.9 
Ti0 2 0.8 
K 2 0 1.7 
Si0 2 48.9 
B 2 0 3 8.1 

Sro - o.02 

r*av» " 0.08 

p 2°s - 0.05 



3.7 

1.0 

0.8 



It is expected that actual radioactive waste glass would be of comparable composition but would also in- 
clude radioactive materials. 

The preceding description is of the best mode of practicing the invention. Modifications of the method and 
apparatus described will be apparent to those skilled in the art. The scope of the invention should be construed 
by reference of the following claims. 
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Claims 

1 . A waste vitrification method performed at least in part in a vessel (14) having a wal| (30, 32) and a rotatable 
impeller (16) comprising the steps of: 

introducing a feed stream (12) comprising waste material into the vessel; 

mixing the feed stream into a glass melt (1 3) formed in the vessel with the impeller (16) to disperse 
said feed stream in the melt to form a foamy mass comprising gaseous material released by the waste 
material into the glass melt; 

completing an electrical circuit (66, 62, 64, 60) between the wall of the vessel and the impeller and 
through said foamy mass; 

densif ying the foamy mass by passing said foamy mass into a quiescent zone (22) where a portion 
of the gaseous material in said foamy mass separates from said foamy mass to form a molten vitrified 
output; and 

recovering the molten vitrified output. 

2. The waste vitrification method of daim 1 wherein said feed stream further comprises glass batch in solid 
form. 

3. The waste vitrification method of claim 1 wherein said feed stream is an aqueous mixture. 

4. The waste vitrification method of claim 3 wherein said feed stream is approximately 60 percent water and 
40 percent solids by weight, 

5. The waste vitrification method of claim 4 wherein said solids include frit. 

6. The waste vitrification method of claim 2 wherein said feed stream comprises a first feed stream of waste 
materials and a second feed stream of glass batch in solid form. 

7. The waste vitrification method of claim 1 wherein said step of mixing is performed by an impeller having 
outer surface portion moving at a speed of more than 76,2 m (250 feet) per minute. 

8. The waste vitrification method of claim 1 wherein said step of mixing is performed by an impeller having 
outer surface portion moving at a speed of more than 152,4 m (500 feet) per rhinute. 

9. The waste vitrification method of claim 1 wherein said steps of mixing and heiating the foamed material 
are performed simultaneously in the vessel. 

10. The method of claim 1 wherein said heating continues through the densifying step to maintain the molten 
vitrified output in a pourable state until after the recovering step. : 

11. The method of claim 1 , further comprising the step of cooling the molten vitrified output to form a solidified 
vitreous mass. 

12. The method of claim 1 wherein said feed stream includes radioactive material. 

13. The method of claim 2 wherein said glass batch material is boro-silicate glass. 

14. The waste vitrification method of claim 1 wherein said method is performed continuously. 

15. A waste vitrification apparatus for vitrifying a feed stream (12) having vitrif iable materials and waste ma- 
terials comprising: - 

a vessel (14) at least partially formed of an electrically conductive material for containing a glass 
melt (13) and defining a mixing zone (20); 

a mixing impeller (1 6) at least partially formed of an electrically conductive material; 

a drive shaft (18) extending into said mixing zone (20) of said vessel (14), said impeller (1 6) being 
connected to said drive shaft; 

means (52, 58, 54, 56) for rotating the drive shaft (18) and said impeller (16) in said mixing zone 
(20) to disperse the constituents of the feed stream (12) into the glass melt (13); 

means for creating electrical current flow between the vessel and said impeller sufficient to heat 
the feed stream until the verifiable material melts to a liquid state forming a solidifiable output including 
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the waste material and the melted vitrif iable material; 

a settling zone (22) in fluid flow communication with the mixing zone (20); and 
an outlet opening (26) through which said solidif iable output is delivered for cooling and solidifi- 
cation* * 

5 

16. The apparatus of claim 16 wherein said settling zone (22) is provided in the same vessel containing said 
mixing zone (20). 9 

1 7. The apparatus of daim 16 wherein said settling zone is provided in the same vessel as the mixing zone 
10 and is disposed below the mixing zone. 

18. The apparatus of claim 16 wherein said settling zone is provided in a separate vessel from said vessel 
containing said mixing zone. 

19. In the apparatus of claim 16, means for adjusting the location ofthe mixing impeller relative to the vessel 
and thereby modify the density of the solidif iable output. 



Patentanspruche 



20 



. Verfahren zur Verglasung von Abfallen, welches wenigstens teilweise in einem Kessel (14) durchgefuhrt 
wird, der eine Wand (30, 32) und ein drehbares Flugelrad (16) aufweist, bestehend aus den Stufen: 
Emleitung eines Abfailmaterial aufweisenden Zulaufstromes (12) in den Kessel; 
Einmischen des Zulaufstromes in eine in dem Kessel ausgebildete Glasschmelze (13) mitdem Flugelrad 
25 (1 6), urn den Zulaufetrom in der Schmelze zu verteilen und eine schaumige Masse auszubilden, welche 

ein durch das Abfailmaterial in die Glasschmelze freigesetztes gasformiges Material aufweist; 
Voilendung eines elektrischen Stromkreises (66, 62, 64, 60) zwischen der Wand des Kessels und dem 
Flugelrad und durch die schaumige Masse hindurch; 

Verdichten der schaumigen Masse durch eine Oberfuhrung der schaumigen Masse in eine ruhige Zone 
3q (22), wo sich ein Teil des gasformigen Materials in der schaumigen Masse von der schaumigen Masse 

trennt urn einen geschmolzenen verglasten AusstoS zu bilden; und 
Ruckgewinnung des geschmolzenen verglasten AusstoSes. 

2. Verfahren zur Verglasung von Abfallen nach Anspruch 1, bei welchem der Zulaufetrom noch eine 
Glascharge in fester Form aufweist. 



35 



3. Verfahren zur Verglasung von Abfallen nach Anspruch 1, bei welchem der Zulaufetrom ein wassriges Ge- 
misch ist. 

4. Verfahren zur Verglasung von Abfallen nach Anspruch 3, bei welchem der Zulaufetrom zu etwa 60 Gew - 
40 % Wasser und 40 Gew.-% Feststoffen besteht 

5. Verfahren zur Verglasung von Abfallen nach Anspruch 4, bei welchem die Feststoffe Fritte einschlie&en. 

6. Verfahren zur Verglasung von Abfallen nach Anspruch 2, bei welchem der Zulaufetrom einen ersten Zu- 
^ laufstrom von Abfallmaterialien und einen zweiten Zulaufetrom einer Glascharge fester Form aufweist 

7. Verfahren zur Verglasung von Abfallen nach Anspruch 1, bei welchem die Stufe des Einmischens mit ei- 
nem Flugelrad durchgefuhrt wird, welches sich an einem AuSenflichenbereich mit einer Drehzahl von 
mehr als 76,2 m (250 feet) pro Minute bewegt. 

50 8. Verfahren zur Verglasung von Abfallen nach Anspruch 1 , bei welchem die Stufe des Einmischens mit ei- 
nem Flugelrad durchgefuhrt wind, das sich an einem AuBenflachenbereich mit einer Drehzahl von mehr 
als 152,4 m (500 feet) pro Minute bewegt 

9. Verfahren zur Verglasung von Abfallen nach Anspruch 1, bei welchem die Stufen des Einmischens und 
55 eines 1 Erwarmens des gesch§umten Materials in dem Kessel gleichzeitig durchgefuhrt werden. 

10. Verfahren nach Anspruch 1 p bei welchem das Erwarmen wihrend der Verdichtungsstufe fortgesetzt wird, 
urn den geschmolzenen verglasten Ausstofc bis nach der Ruckgewinnungsstufe in einem gieGfShigen Zu- 
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stand zu erhalten. 

11. Verfahren nach Anspruch 1, welches noch die Stufe eines Kuhlens des geschmolzenen verglasten Aus- 
stoftes aufweist, um eine verfestigte Glasmasse auszubilden. 

5 

12. Verfahren nach Anspruch 1, bei welchem der Zulaufstrom radioaktives Material einschlieBt 

13. Verfahren nach Anspruch 2, bei welchem das Material der Glascharge Bor-Silikat-Glas ist 

14. Verfahren zur Verglasung von Abfallen nach Anspruch 1, bei welchem das Verfahren kontinuierlich durch- 
10 gefuhrtwird. 

1 5. Vorrichtung zur Verglasung von Abfallen fur die Verglasung eines Zuiaufstromes (1 2), der verglasbare Ma- 
terial ien und Abfallmaterialien aufweist, bestehend aus: 

einem Kessel (14), der wenigstens teilweise aus einem elektrisch leitfahigen Material ausgebildet ist fur 
is die Aufhahme einer Glasschmelze (1 3) und die Ausbildung einer Mischzone (20); 

einem vermischenden Flugelrad (16); welches wenigstens teilweise aus einem elektrisch leitfahigen Ma- 
terial ausgebildet ist; 

einer Antriebswelle (18), die in die Mischzone (20) des Kessels (14) hinein verlauft, wobei das Flugelrad ' 
(16) mit der Antriebswelle verbunden ist; 

20 einer Einrichtung (52, 58, 54, 56) zum Drehen der Antriebswelle (18) und des Flugelrades (16) in der 

Mischzone (20) fur ein Verteflen der Bestandteile des Zulaufstroms (12) in die Glasschmelze (13) hinein; 
einer Einrichtung zur Schaff ung eines elektrischen Stromflusses zwischen dem Kessel und dem Flugel- 
rad, welcher ausreicht, den Zulaufstrom zu erwarmen, bis das verglasbare Material zu einem flussigen 
Zustand schmilzt und einen verfestigbaren AusstoR ausbildet, welcher das Abfalimaterial und das ge- 

25 schmolzene verglasbare Material einschliefit; , . 

einer Absetzzone (22), die mit der Mischzone (2) in einer Ruidstromverbindung steht; und 

einer Ausladoffnung (26), durch welche hindurch der verfestigbare Ausstod fur ein Kuhlen und eine Ver- 

festigung abgegeben wird. : ^ 

30 16. Vorrichtung nach Anspruch 1 5, bei welcher die Absetzzone (22) in demselben Kessel vorgesehen ist, wel- 
cher die Mischzone (20) enthSIt / :5 ■ : 

17. Vorrichtung nach Anspruch 16, bei welcher die Absetzzone in demselben kessel vorgesehen ist wie die 
Mischzone und unterhalb der Mischzone angeordnet ist. 

35 

18. Vorrichtung nach Anspruch 16, bei welcher die Absetzzone in einem von dem Kessel, der die Mischzone 
enthalt, getrennten Kessel vorgesehen ist. x 
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19. Bei der Vorrichtung nach Anspruch 16, eine Einrichtung fur ein Einstellen des Ortes des vermischenden 
Flugelrades relativ zu dem Kessel und dadurch ein Modif izieren der Dichte des verfestigbaren AusstoOes. 



Revendicatlons 

1. Proc6d6 de vitrification de d6chets effect u 6 au moins en partie dans un recipient (14) ayant une paroi 
(30, 32) et un agitateur & palettes rotatif (16) comprenant les stades consistant d : 

introduce dans le recipient un courant d'alimentation (12) comprenant une mati&re de d6chet ; 

m6ianger le courant d'alimentation dans une masse fondue de verre (13) fbrm6e dans le recipient 
avec I'ag itateur d palettes (16) pour disperser ce courant d'alimentation dans la masse fondue en fonmant 
une masse expans6e comprenant la mati&re gazeuse Iib6ree par la mati&re de d6chet dans la masse fon- 
due de verre ; 

realiser un circuit 6lectrique (66, 62, 64, 60) entre la paroi du recipient et I'ag itateur d palettes et 
d t ravers cette masse expans6e ; 

densif ier la masse expans6e en faisant passer cette masse expans6e dans une zone de calme 
(22) dans laquelle une partie de la matidre gazeuse presente dans cette masse expanses se s6pare de 
cette masse expans6e pour former un produit vitrif i6 fondu ; et 

recueillir le produit vitrif id fondu. 
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2. Precede de vitrification de dechets selon fa revendication 1, dans lequel ce courant d'alimentation 
comprend en outre un chargement de verre sous forme solide. 

3. Precede de vitrification de, dechets selon la revendication 1, dans lequel ce courant d'alimentation est 
un melange aqueux. 

4. Precede de vitrification de dechets selon la revendication 3, dans lequel ce courant d'alimentation 
contient environ 60 % d'eau et 40 % de matures solides en poids. 

5. Precede de vitrification de dechets selon la revendication 4, dans lequel ces matures solides contiennent 
une fritte. 

6. Precede de vitrification de dechets selon la revendication 2, dans lequel ce courant d'alimentation 
comprend un premier courant d'alimentation de matures de dechets et un second courant d'alimentation 
d'un chargement de verre sous forme solide. 

7. Precede de vitrification de dechets selon la revendication 1 , dans lequel ce stade de melange est effectu6 
par un agitateur k palettes dont la partie superf icielle externe se deplace k une vitesse superieure k 76 2 
m (250 feet) par minute. 

8. Precede de vitrification de dechets selon la revendication 1 , dans lequel ce stade de melange est effectue 
par un agitateur* palettes dont la partie superf icielle externe se deplace k une vitesse superieure k 152 4 
m (500 feet) par minute. 

9. Precede de vitrification de dechets selon la revendication 1, dans lequel ces stades de melange et de 
chauffage de la matiere expans6e sont effectu6s simultanement dans le recipient 

10. Precede selon la revendication 1, dans lequel ce chauffage se poursuit tout au long du stade de densi- 
f ication pour maintenir le produit vitrif i6 fondu k I Wat coulable pendant une p6riode s'etendant au-del* 
du stade de recuperation. 

11. Precede selon la revendication 1 p comprenant en outre le stade consistent k refroidir le produit vitrifi6 - 
fondu pour former une masse vitreuse solidif tee. 

12/ Proc&te selon la revendication 1, dans lequel ce courant d'alimentation contient une mati6re radioactive. 

13. Precede selon la revendication 2, dans lequel cette matiere de chargement de verre est un verre de bo- 
rosilicate. 

14. Precede de vitrification de dechets selon la revendication 1, dans lequel ce proc6d6 est effectu6 en conti- 
nu. 

15. Appareil de vitrification de dechets pour vitrif ler un courant d'alimentation (12) contenant des matieres 
vitrif iables et des matieres de dechets, comprenant ; 

un recipient (14) au moins partiellement forme d'une matiere conductrice de I'6lectricit6 pourconte- 
nir une masse fondue de verre (1 3) et d6f inir une zone de melange (20), 

un agitateur* palettes (16) au moins partiellement forme d'une matiere conductrice de reiectricite ; 

un arbre moteur (18) s'6tendant dans cette zone de melange (20) de ce recipient (14), cet agitateur 
k palettes (16) etant relie k cet arbre moteur ; 

des moyens (52, 58, 54, 56) pour faire tourner I'arbre moteur (18) et cet agitateur k palettes (16) 
dans cette zone de melange (20) pour dispenser les constituents du courant d'alimentation (12) dans la 
masse de verre fondue (13) ; 

des moyens pour cr6er entre le recipient et cet agitateur k palettes un courant eiectrique suff isant 
pour chauffer le courant d'alimentation jusqu'a ce que la matiere vitrif iable fonde k retat liquide en formant 
un produit solidif iable contenant fa matiere de dechet et la matiere vitrif iable fondue ; 

une zone de sedimentation (22) en communication par ecoulement de fluide avec la zone de me- 
lange (20) ; et 

un orifice de sortie (26) k travers lequel ce produit solidif iable est d6livr6 pour le ref roidissement 
etla solidification. 
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16. Appareil selon la revendication 16„dans fequel cette zone de sedimentation (22) est r6alis£e dans le 
mfime r§cipfent que celui oontenant cette zone de melange (20). 

17. Appareil selon la revendication 16, dans lequel cette zone de sedimentation est real is 6e dans le mdme 
recipient que la zone de melange et est disposes au-dessous de la zone de melange. 

1 8. Appareil selon la revendication 16, dans lequel cette zone de sedimentation est r6alis6e dans un recipient 
s6par6 de ce recipient contenant cette zone de melange. 

19. Dans I'appareil selon la revendication 16, des moyens pour regler ('emplacement de Pagitateur d palettes 
de melange par rapport au recipient et modifier ainsi la densite du produit solidifiable. 
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INTRODUCE AQUEOUS SLURRY STREAM 






MIXING STREAM 


IN MIXING ZONE 
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HEATING STEAM TO FORM 
A MOLTEN FOAM MATERIAL 
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DENS I FY I NG FOAM MATERIAL IN SETTLING 
ZONE TO FORM SOLI DIF I ABLE OUTPUT 
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RECOVERING SOLIDIFIABLE OUTPUT 



COOLING SOLIDIFIABLE OUTPUT IN CONTAINERS \^ 
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